Introduction
Human immunodeficiency virus (HIV) infection and associated immunosuppression is a major risk factor for the development of active tuberculosis (TB), either through acquisition of new infection or re-activation of latent TB [1] . The incidence of tuberculosis is known to be increased in immunocompromised individuals. Globally, considerable progress has been made to address the TB/HIV co-epidemic; however, global-level targets for HIV testing among TB patients and provision of antiretroviral therapy to those who are HIV positive have not been reached [2] . In Scotland, TB is a statutory notifiable disease [3] . In addition, enhanced surveillance of TB has been undertaken in Scotland since 2000 through the Enhanced Surveillance of Mycobacterial Infections scheme [4] . Enhanced surveillance data on TB provide information on the numbers, distribution and characteristics of TB cases, drug-resistance patterns and treatment outcomes. This surveillance supports the early identification and treatment of cases and enables the identification of high-risk populations. Annual case numbers increased steadily in Scotland, from 365 cases in 2005 (7.2 per 100,000 population) to 508 cases in 2010 (9.6 per 100,000), mainly among persons born outside the United Kingdom (UK) [5] . More recent data from 2012 show that 408 TB cases were reported in Scotland, equating to an annual incidence of 7.7 cases per 100,000 population [5] .
HIV infection is not a statutorily notifiable in Scotland but HIV surveillance has been undertaken in the country since 1981 through voluntary reporting of new HIV diagnoses by laboratories, acquired immunodeficiency syndrome (AIDS) diagnoses from clinicians, and deaths due to HIV infection or AIDS reported to the General Register Office for Scotland. Records of HIV or AIDS diagnoses, and HIV/AIDS-related deaths that are regarded as relating to the same individual are merged to create one record [6] [7] .
Current national guidance recommends that all TB cases be offered an HIV test [8] [9] [10] . In addition, the TB action plan for Scotland [11] recommends that the HIV status of all TB cases be known as this is a requirement for annual reporting to the European Tuberculosis Surveillance Network at the European Centre for Disease Prevention and Control (ECDC) [12] . Despite these recommendations, the HIV status of TB cases remains unknown at a national level in Scotland as these data are not routinely collected or linked.
We used record linkage from 1984 to 2010 to investigate the extent of TB and HIV coinfection and identify risk factors for TB and HIV coinfection in Scotland. database. These named patient data were then replaced by a Soundex code [13] , i.e. replacing surnames by their initial letter followed by a three-digit coding of subsequent letters.
Methods

Reports
The HIV database contains Soundex-coded data for 6,790 patients with HIV antibody positive results in Scotland from 1981 to 2010 The anonymised TB patients were linked to the anonymised HIV patients using probabilistic data linkage [14, 15] , thus maintaining patient confidentiality. TB and HIV coinfections were assigned a notification year by the year of their TB diagnosis.
Coinfected cases after 2010 could not be included in our analysis due to the time needed to obtain followup and outcome data (data collected 12 months after diagnosis) as well as the time needed to validate, carry out the linkage and analysis of the data.
Statistical analysis was performed in SPSS version 21.
Characteristics of TB cases and TB and HIV coinfected cases were compared using chi-square test, Fisher's exact test, t-test or the Mann-Whitney test (depending on the nature of the variable and the sample size).
Logistic regression was performed to investigate the association between the number of coinfected cases and the predictor variables, e.g. ethnicity, refugee status.
Results
Case numbers and trends
From 2001 to 2010, 4,097 tuberculosis cases were reported to Health Protection Scotland, of which 106 (2.6%; 95% confidence interval (CI): 2.1-3.1) were matched to an individual on the HIV database, equating to a 10-year incidence of 2.1 cases per million population (95% CI: 1.7-2.5 per million population). There was a peak in the number of TB and HIV coinfections in 2003, when 15 patients (15/367; 4.1%; 3.0 per million population) were reported ( Figure 1 ). However, there were no statistically significant differences in the proportion of TB cases with HIV infection or the incidence of TB and HIV coinfections from 2001 to 2010.
Age and sex distribution
The most common age group of TB and HIV coinfection was 25-44 years (77/106; 73%) and 58% of cases (62/106) were male ( Figure 2 ). The mean age of cases was 37 years. Coinfected individuals were aged a mean of 8.8 years less than that of TB patients without HIV infection (p < 0.00001).
Site of TB
The majority presented with pulmonary TB (69/106; 65%). Our analysis showed that having TB and HIV coinfection was associated with an increased likelihood of pulmonary TB (odds ratio (OR): 2.2 (95% CI: 1.3-3.8), p = 0.004), extra-thoracic lymph node involvement (OR: 3.8 (95%: CI 2.1-6.7), p < 0.0001) or cryptic/ disseminated TB (OR: 5.7 (95% CI: 2.5-13.2), p < 0.0001) when compared with TB cases without HIV. There were no other statistically significant differences in site of disease between TB cases and TB and HIV coinfected cases (Table) .
Of the 76 TB and HIV coinfected patients with known TB drug sensitivities, less than five had drug-resistant TB. However, there was no significant difference in drug resistance rates between those with TB and those with TB and HIV coinfection.
Ethnicity and country of birth
The majority of coinfected patients were born outside the UK (75/106; 71%). The mean time from entry into the UK until a TB diagnosis was 3.6 years, compared with 7.3 years in cases with TB alone (difference in mean of 3.7 years (95% CI: 2.7-4.8), p < 0.01).). The likelihood of TB and HIV coinfection was almost eight-times higher among non-UK born TB cases (OR: 7.9 (95% CI: 4.5-14.4), p < 0.00001). (Table) . Just over half of black African cases were female (37/67), but male cases were statistically significantly more common among those of non-black African ethnicity (28/34, p = 0.002).
Risk factors
A total of 32% (34/106) had a reported risk factor for TB, the most common of which was refugee status (22) . Our analysis showed that being a refugee was independently associated with an increased likelihood of TB and HIV coinfection (OR: 5.2 (95% CI: 3.2-8.6), p < 0.0001) when compared with those with TB alone (Table) .
The majority (61/75) were known to have had a BCG vaccination and approximately one third (33/86) had a history of travel outside of the UK for two months or more in the two years preceding their TB diagnosis. Very few cases (6/98) were known to have a previous diagnosis of TB. Logistic regression analysis showed that having a history of BCG vaccination (OR: 1.6 (95% CI: 1.1-2.4), p = 0.016) and travel outside the UK for two months or more in the two years before their TB diagnosis (OR: 2.2 (95% CI: 1.4-3.3), p < 0.001) were independently associated with an increased likelihood of TB and HIV coinfection when compared with those with TB alone (Table) .
Suspected source of HIV transmission
Of the 106 coinfected cases, the main reported routes of HIV acquisition were via heterosexual intercourse (84/106; 79%) and sex between men (12/106; 11%). Those born outside the UK were more likely to have acquired HIV through heterosexual intercourse (OR 8. Eight of the 99 with transmission data were reported to have acquired HIV within Scotland, whereas the majority acquired the virus from outside the country -71/99 from Sub-Saharan Africa and 10/99 from south and south-east Asia. A total of 10/99 cases were reported to have acquired their HIV infection from other regions.
TB treatment outcome at one year
The TB treatment outcome was recorded for 75% of coinfected cases (79/106). Of these, 72% (57/79) were known to have successfully completed their TB therapy within 12 months of their diagnosis, 16% (13/79) did not complete treatment, 11% (9/79) were lost to follow-up or the outcome of TB therapy was recorded as unknown. The main reasons patients did not complete treatment within 12 months were either they were still on treatment (7/79) or had died (5/79). There were no statistically significant differences in successful treatment completion at one year between those with TB alone versus those with TB and HIV coinfection (2,516/3,245; 77.5% treatment success for those with TB only).
The outcome of HIV treatment was not included in this study.
Discussion
This is the first national retrospective record linkage study to describe the characteristics and risk factors for TB and HIV coinfection in Scotland. Our results show there was a low incidence of TB and HIV coinfection in Scotland in the study period, with less than 3% of TB cases also having an HIV diagnosis. This is lower than the percentage of those tested with TB who were living with HIV reported in North America (8.3%) but similar to the 3.5% reported in western and central Europe in 2012 [16] and to a seroprevalence study undertaken in Scotland in 1993, in which less than 2% of notified TB cases tested positive for HIV [17] .
Not all persons diagnosed with TB will accept an HIV test and there are undiagnosed HIV-positive individuals who would not be identified in this study. The results of our study indicate that the majority of coinfections are imported into the country by young migrant populations who have recently arrived in the UK from countries with high incidences of TB and HIV. The mean time from entry to the UK until TB diagnosis was statistically significantly lower for those with TB and HIV coinfections than those with TB alone (3.6 years vs 7.3 years). This is in contrast to that reported in the United States where the time to diagnosis was much longer and there were no statistically significant differences between TB and TB/HIV patients (14 years vs 13.1 years) [18] but similar to England and Wales where TB and HIV coinfection was more common in those who entered the UK in the five years or less before their TB diagnosis [19] .
The majority of patients with TB and HIV coinfection presented with pulmonary disease, which is associated with a higher risk of transmission. Therefore there may be an increased risk of TB transmission to other high-risk contacts.
The most common age group of those coinfected was 25-44 years, and the mean age was 37 years which is similar to that reported in England and Wales (34.7 years) [19] . TB and HIV coinfected individuals were almost nine years younger than those with TB infection alone, suggesting that HIV infection shortens the length of time to reactivate latent TB disease or that new infection is a more common cause of TB in HIVpositive patients than reactivation of latent TB [20] .
Analysis of our study population showed that having TB and HIV coinfection was associated with having an increased likelihood of extra-thoracic lymph node involvement or cryptic/disseminated TB infection, which may be due to the effects of immunosuppression.
The majority of coinfected cases were of black African ethnicity, which is similar to that reported in England and Wales between 2002 and 2010, when 84% of heterosexual TB/HIV coinfections were in black Africans [21, 22] . In our study, more than half of Black African patients were women but in all other ethnic groups, the majority were men. In Scotland, most coinfected individuals are reported to have acquired their HIV infection in Sub-Saharan Africa or south and south-east Asia, where they are more likely to have acquired their HIV infection via heterosexual intercourse. However, those born in the UK were more likely to be men who acquired their HIV infection through sex with other men.
Approximately one third of coinfected cases had an identified risk factor for TB, the most common of which was having refugee status, which was associated with an increased likelihood of TB and HIV coinfection. Most cases had received BCG vaccination and having a history of BCG vaccination was associated with an increased likelihood of having TB and HIV coinfection. This does not suggest that BCG vaccine is ineffective at preventing TB disease among HIV-infected individuals as BCG coverage may be higher in countries with a high incidence of TB. For some of the risk factors investigated, the number of coinfected cases was small and the findings need to be confirmed in larger studies.
ECDC recommends that information on TB outcome be known for 100% of cases and that 85% should successfully complete their TB treatment within 12 months [12] ; the data from our study indicate that we have failed to meet these target levels, as the outcome of TB treatment was unknown for almost a third of cases. Therefore we cannot assess if optimum management of these cases resulted in successful treatment of TB therapy and this linkage study does not provide information on longer-term mortality among these patients.
Conclusions
Probabilistic data linkage was the most appropriate method for analysing TB and HIV coinfection in Scotland. TB and HIV coinfection was relatively uncommon in Scotland in the study period. Clinicians should recognise the potential for TB and HIV coinfection and the importance of prompting a HIV test for all TB cases, to ensure optimum management of coinfected patients and promote targeted prevention and control activities.
